Determination of the capacity for proliferation and differentiation of osteoprogenitor cells in the presence and absence of dexamethasone.
Osteoprogenitor cells present in single-cell suspensions prepared from fetal rat calvaria (RC) form discrete mineralized three-dimensional bone nodules when cultured long-term in the presence of ascorbic acid and beta-glycerophosphate. These cells (CFU-O) constitute less than 1% of the total cell population under standard culture conditions and their number is increased in the presence of dexamethasone. Using the formation of the bone nodule as a marker for CFU-O, we have now analyzed the proliferation and differentiation capacity of these CFU-O by redistribution and continuous subculture experiments in the presence and absence of dexamethasone. Cell redistribution experiments showed no increase in nodule number after one population doubling with either treatment. After 5.4 population doublings of the entire RC population, nodule number increased up to 2.0-fold in control cultures and 4.5-fold in cultures containing 10 nM dexamethasone. Continuous subculture experiments in which cultures were split 1:3 every 3 day for up to seven subcultures showed that nodule number decreased in parallel with the split ratio in the absence of dexamethasone, while with dexamethasone nodule number was elevated above the number present in primary cultures for 1 or 2 subcultures after which nodule number decreased with the split ratio. Bone nodules were present for up to 18 population doublings. Measurements of nodule area by automated image analysis showed that dexamethasone increased nodule size and that nodule size decreased from primary to 1st to 2nd subculture with or without dexamethasone. The data suggest that dexamethasone selectively stimulates the proliferation of osteoprogenitor cells and that these progenitor cells have a limited capacity for generating daughter cells capable of expressing the bone phenotype.